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(54) Laser treatment apparatus 

(57) A laser treatment apparatus which irradiates a 
laser beam to a part of patient's body to be treated com- 
prises a laser beam scanner which deflects the laser 
beam to scan the treatment area, a scanning area 
determining device which determines a scanning area, 
a memory which stores information on the scanning 
area determined by the scanning area determining 
device, and a controller which controls the laser beam 
scanner based on the information of scanning area read 
out of the memory. 
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Description 

The present invention relates to a laser treatment 
apparatus which is used to treat a patient by irradiating 
a laser beam to a part of body to be treated (diseased 
part). 

Laser treatment apparatus have been used for the 
treatment of various diseases based on the selection of 
the wavelength of treating laser. In the recent neoplasty 
for removing wrinkles, ephelides, birthmarks, stains, 
etc. of patients, attention is paid to laser treatment 
apparatus that use the C0 2 laser (carbon dioxide gas 
laser) having infrared wavelengths. In the neoplasty 
based on these laser treatment apparatus, a scanning 
area of a certain shape and size which match with a 
particular diseased part is selected from among the 
shapes (square, etc.) and sizes registered in the appa- 
ratus, and a treating laser beam is irradiated to the dis- 
eased part by deflecting the laser beam to scan the 
scanning area. 

However, diseased parts of ephelides or the like 
which undergo the neoplasty have a variety of shapes, 
and therefore the variety of registered shapes of scan- 
ning area is insuffient occasionally. Using a larger scan- 
ning area so as to include the whole diseased part will 
risk the increased irradiation of laser to the normal part 
outside the diseased part Using a smaller scanning 
area so as to avoid the irradiation to the normal part will 
result in a degraded operational efficiency. 

The laser treatment apparatus based on the scan- 
ning irradiation of a treating laser beam is designed to. 
implement one laser scanning operation in response to 
a trigger signal from a foot switch or the like operated by 
the operator. However, more than one laser scanning 
operation is required depending on each diseased part 
and its condition, which imposes a degraded opera- 
tional efficiency and tedious work on the operator. 

The present invention is intended to deal with the 
foregoing prior art deficiency, and its prime object is to 
provide a laser treatment apparatus which enables the 
appropriate treatment based on the establishment of an 
optimal laser scanning area. 

Another object of the present invention is to provide 
a laser unit which is capable of performing multiple laser 
scanning operations efficiently. 

To achieve the objects and in accordance with the 
purpose of the invention, as embodied an broadly 
described herein, a laser treatment apparatus of the 
present invention which irradiates a laser beam pro- 
duced by a treatment laser source to an area of treat- 
ment, the apparatus comprising laser beam scanning 
means which deflects the laser beam to scan the treat- 
ment area, scanning area determining means which 
determines a scanning area to be scanned with the 
laser beam by the operation of said laser beam scan- 
ning means, memory means which stores information 
on the scanning area determined by said scanning area 
determining means, and control means which controls 



said laser beam scanning means based on the informa- 
tion of scanning area read out of said memory means. 

According to another aspect of the present inven- 
tion, there is provided a laser treatment apparatus 

5 which irradiates a laser beam produced by a treatment 
laser source to an area of treatment, the apparatus 
comprising laser beam scanning means which deflects 
the laser beam to scan the treatment area, trigger signal 
input means which receives a trigger, signal for starting 

io the emission of laser beam of said laser source and the 
operation of said laser beam scanning means, mode 
selection means which, when said trigger signal input 
means is receiving the trigger signal continuously, 
selects the repeat mode in which laser beam irradiation 

is by said laser source and laser beam scanning by said 
laser beam scanning means take place repeatedly, and 
control means which, when said mode selection means 
selects the repeat mode, generates pseudo trigger sig- 
nals to control the repetitive operations of said laser 

20 source and laser beam scanning means. 

The accompanying drawings, which are incorpo- 
rated in and constitute a part of this specification illus- 
trate embodiments of the invention and, together with 
the description, serve to explain the objects, advan- 

25 tages and principles of the invention. 
In the drawings, 

Fig. 1 is a schematic diagram of the laser treatment 
apparatus based on an embodiment of this inven- 
30 tion; 

Fig. 2 is a block diagram showing the basic overall 
arrangement and the control system of this laser 
treatment apparatus; 

Fig. 3 is a diagram used to explain the hand piece 
35 unit of the apparatus based on a first embodiment; 
Fig. 4 is a top view of the control panel of this laser 
treatment apparatus; 

Fig. 5 is a diagram used to explain the position of 
the aligning light spot; 

40 Fig. 6 is a graph showing the variation of the spot 
position evaluated in terms of voltage signals pro- 
vided by the x/y axes drive motors against the 
number of times of operation; 
Fig. 7 is a timing chart used to explain the relation 

45 among the signals in scan mode; 

Fig. 8 is a flowchart used to explain the control of 
laser scanning operation; 

Fig. 9 is a diagram used to explain the hand piece 
unit of the laser treatment apparatus based on a 
so second embodiment; 

Fig. 10 is a diagram used to explain the detection a 
marked area; 

Fig. 11 is a graph showing the variation of the 
received light level during the scanning of laser spot 
55 on a certain scanning line; 

Fig. 12 is a diagram used to explain the hand piece 
unit of the laser treatment apparatus based on a 
third embodiment; and 
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Fig. 13 is a diagram showing an example of display 
on the display screen at the reading of scanning 
area. 

Embodiments of this invention will be explained s 
with reference to the drawings. 

Fig. 1 shows the external view of the laser treat- 
ment apparatus based on the first embodiment of this 
invention. Fig. 2 shows the basic overall arrangement 
and the control system of the inventive laser treatment 10 
apparatus, in which a light sensor 16 is used only in the 
second embodiment and a drive motor 61 and CCD 
camera 62 are used only in the third embodiment 
explained later. 

The apparatus includes a laser unit 1, which incor- 15 
porates a controller 20 t a treating laser source 21, an 
aiming light source 22, a scanner controller 23, an air 
purging pump 24, and an optical system. In this embod- 
iment, the treating laser source 21 is a C0 2 laser which 
emits an infrared laser beam, and the aiming light 20 
source 22 is a semiconductor laser which emits a visible 
red laser beam. 

The apparatus further includes a multi-joint arm 
section 2, a hand piece unit 3 which operates to scan a 
treatment area, a cable 4 and connector 5 with the pro- 25 
vision of a microswitch 26 for detecting the connection 
or disconnection of the cable 4, an air tube 6, a control 
panel 7 which is used by the operator to set laser irradi- 
ation conditions, etc., and a foot switch 8 which is 
depressed by the operator to produce a trigger signal. 30 

The multi-joint arm section 2 is made up of several 
rigid pipes linked by joints, so that the operator can 
move in three-dimensional manner the hand piece unit 
3 which is attached at the end of the arm section 2. Mir- 
rors are fitted in the joints of the multi-joint arm section 35 
2, so that the treating laser beam and aiming light beam 
that are aligned coaxially with each other in the laser 
unit 1 are guided to pass through the multi-joint arm 
section 2 and reach the hand piece unit 3. 

The hand piece unit 3 is among a variety of detatch- 40 
able units designed to meet individual purposes and 
usage. For the following explanation of this embodi- 
ment, the apparatus is equipped with a scanning hand 
piece unit 3 having a scanner head which deflects the 
laser beam to scan the scanning area of treatment. 45 

Fig. 3 shows the structure of the scanning hand 
piece unit 3. It consists of a scanner section 10 and a 
hand-piece head section 1 1 which are separable. The 
scanner section 10 incorporates driven mirrors 12a and 
12b which deflect the treating laser beam and aiming so 
light beam, which have come through the multi-joint arm 
section 2, to scan the treatment area in two-dimensional 
manner in the x/y directions, drive motors 17a and 17b 
which swing the mirrors 12a and 12b, and a focusing 
lens 13 which focuses the treating laser beam to the 55 
treatment area. 

The drive motors 1 7a and 1 7b are controlled by the 
scanner controller 23 in the laser unit 1 . The scanner 
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controller 23 produces drive currents, which are fed 
through the connector 5 and cable 4 to the drive motors 
17a and 17b in the scanner section 10, by which the 
driven mirrors 12a and 12b are swung. 

The hand-piece head section -11< having a generally 
cone shape to cover the laser scanning area at its bot- 
tom is made of transparent resin, so that the operator 
can view from outside the treatment area and irradiation 
area covered by the hand-piece head section 1 1 . The 
operator can bring the bottom of hand-piece head sec- 
tion 1 1 in stable contact with the patient body and can 
operate it easily in defining a scanning area of an 
intended shape, as will be explained later. The hand- 
piece head section 1 1 has a vertical dimension so that 
the treating laser beam is focused exactly to the treat- 
ment area by the focusing lens 13. 

The hand-piece head section 1 1 has in its side wall 
the formation of cuts for fume outlets 1 5 which clear the 
treatment area of fumes created by the laser irradiation. 
In operation, a jet of air produced by the air purging 
pump 24 in the laser unit 1 is conducted through the 
connector 5 and air tube 6 to an air jet port 14 located 
near the top of the hand-piece head section 1 1 , so that 
an air jet introduced into the cone hood dispels fumes 
through the fume outlets 15. Incidentally, the bottom of 
hand-piece head section 11 has the size which can 
secure the scanning area of the laser beam for the treat- 
ment. 

Instead of the above-mentioned hand-piece head 
section of generally cone-shaped transparent resin, a 
metallic device having at least three poles for the stable 
placement and the determination of focal distance may 
be used. Instead of the two fume outlets 15 formed in 
the side wall of the hand-piece head section 11, more 
than two fume outlets may be provided. 

Fig. 4 shows the control panel 7, which includes 
READY/STANDBY key 30, mode select keys 31, irradi- 
ation pattern select keys 32, irradiation power setting 
keys 33, on-time setting keys 34, off-time setting keys 
35, alignment keys 36, irradiation density setting keys 
37, irradiation form select keys 38, irradiation sizes 
select keys 39, pulse interval select keys 40, a display 
window 41 for displaying information about the scanner, 
and another display window 42 for displaying error mes- 
sages and machine states. 

Among these keys, the READY/STANDBY key 30 is 
used by the operator to switch between the ready (laser 
irradiation enabled) state and the standby (wait) state. 
In the ready state, the apparatus can irradiate a laser 
beam in response to the trigger signal from the foot 
switch 8, whereas in the standby state, the trigger signal 
is locked so as to preclude the laser irradiation caused 
by the erroneous input of the trigger signal at the setting 
of conditions. In memory mode, which will be explained 
later, the READY/STANDBY key 30 also functions as 
START key and ENTER key in defining a scanning area 
of intended shape. 

The mode select keys 31 are used by the operator 
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to designate the CW mode for continuous emission, 
puise mode for pulsative emission, scan mode, or mem- 
ory mode. Indicated by 31a is scan mode select key, 
and 31b is memory mode select key. When the operator 
selects a mode, the sign below the relevant key lights up 
to indicate the established mode. In scan mode, a treat- 
ing laser beam is irradiated to scan the scanning area at 
a pulse oscillation frequency of 300 Hz. 

The irradiation pattern select keys 32 are used to 
designate the CONT (continuous irradiation) pattern in 
the CW mode or pulse mode, the single (one-shot irra- 
diation) pattern and the repeat (repetitive irradiation) 
pattern in the CW mode, pulse mode or scan mode. 
When the operator selects a pattern, the sign below the 
relevant key lights up to indicate the selected pattern. 

In CW mode or pulse mode, if the single pattern is 
selected, laser irradiation for the duration set by the on- 
time setting keys 34 takes place once, or if the repeat 
pattern is selected, laser irradiation cycles including an 
exposure period of the duration set by the on-time set- 
ting keys 34 and a halt period set by the off-time setting 
key 35 take place repeatedly on condition that the trig- 
ger signal from the foot switch 8 is active. The single 
pattern and repeat pattern in scan mode will be 
explained in detail later. 

The irradiation power setting keys 33 including UP 
key and DOWN key are used to set the power level of 
the treating laser beam, with the setup power level 
being displayed in the associated display window 33a. 
The range of setting is from 0.1 to 40 W in the case of 
CW mode (the maximum value differs depending on the 
mode) in 0.1 W step in the 0.1-1 W range and in 1 W 
step in the 1 -40 W range. 

The on-time setting keys 34 including UP key and 
DOWN key are used for the operation with the single 
pattern or repeat pattern in CW mode or pulse mode to 
set the duration of laser irradiation; with - the setup dura- 
tion being displayed in the associated display window 
34a. The range of setting is from 0.02 to 5 sec. in this 
embodiment in 0.02 sec. step in the 0.02 - 0.1 sec. 
range, in 0.1 sec. step in the 0.1-1 sec. range and in 1 
sec. step in the 1 - 5 sec. range. 

The off-time setting keys 35 including UP key and 
DOWN key are used for the operation with the repeat 
pattern in CW mode, pulse mode or scan mode to set 
the duration of halt of laser irradiation, with the setup 
duration being displayed in the associated display win- 
dow 35a. The range and step of setting are identical to 
those of the on-time setting keys 34. 

The alignment setting keys 36 are used for the fine 
adjustment of irradiation position in scan mode and the 
movement of laser spot in memory mode. For the fine 
adjustment of irradiation position in scan mode, the 
alignment keys 36 allow the operator to move the posi- 
tion of irradiation area without the need of moving the 
hand-piece head section 11. 

The irradiation density setting keys 37 including UP 
key and DOWN key are used to set the laser irradiation 



density in scan mode, with the setup density being dis- 
played in the display window 41. 

The irradiation form select keys 38 including UP key 
and DOWN key are used in scan mode to select a 
5 shape of laser irradiation area (and. "at the same time, 
the irradiation area of the aiming light) from among the 
preset triangle, square, hexagon, etc. and an arbitrary 
shape registered by the operator in memory mode. The 
selected form is displayed in the display window 41. 
10 These keys 38 are used in memory mode to register an 
arbitrary shape of scanning area and select a stored 
location (file) in the memory. 

The irradiation size select keys 39 including UP key 
and DOWN key are used in scan mode to select the size 
is of iaser irradiation area (and, at the same time, the irra- 
diation area of the aiming light). The selected size is dis- 
played in the display window 41. 

The pulse interval select keys 40 are used in pulse 
mode to select a laser pulse irradiation interval from 
20 among five values. 

Next, the operation of the laser treatment apparatus 
arranged as described above for defining an intended 
irradiation area in memory mode will be explained with 
reference to Fig. 5 which explains the position of align- 
25 ing light spot and Fig. 6 which shows the variation of the 
spot position evaluated in terms of voltage signals pro- 
vided by the x/y axes drive motors for the driven mirrors 
12a and 12b against the number of times N of opera- 
tion. 

30 When the apparatus is turned on, the controller 20 
implements the diagnostic test for each section. On 
completion of the tests, the system automatically enters 
the standby state, causing the control panel 7 to light up 
the STANDBY sign below the key 30 and display a mes- 

35 sage of "standby state" in the display window 42. The 
system is initialized following the power-on event to des- 
ignate automatically CW mode and CONT pattern, with 
the CW and CONT signs lighting up on the control panel 
7. 

40 The apparatus checks the connection of the cable 4 
to the connector 5 by means of a microswitch 26 in the 
diagnostic test (or during the power-on period), and if 
disconnection is detected, the controller 20 cuts off the 
power supply to the scanner controller 23, thereby pre- 

45 venting the malfunctioning of the apparatus. 

The operator confirms the system in standby state 
by viewing the display on the control panel 7, and brings 
the entire bottom plane of the hand-piece head section 
1 1 in contact with the patient's body so that the portion 

so to be treated is located at the center of the bottom 
plane. This handling manner of hand-piece head sec- 
tion 1 1 enables to put the hand piece unit 3 stably on the 
patient's body, facilitating the operations in defining a 
scanning area. 

55 For defining a scanning area which meets the 
shape of treatment area, the operator pushes the mem- 
ory mode select key 31b on the control panel 7, and the 
system enters the memory mode. Receiving the signal 
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from the key 31b, the controller 20 lights up the MEM- 
ORY sign on the control panel 7 and displays file infor- 
mation such as the storage file names on the display 
window 41 so that the operator can select one of multi- 
ple storage files in the memory 25 by using the irradia- 5 
tion form select keys 38. 

The memory mode select signal is sent to the scan- 
ner controller 23 by way of the controller 20. The scan- 
ner controller 23 responds to the memory mode select 
signal to control the drive motors 17a and 17b thereby 10 
to return the driven mirrors 12a and 12b to their home 
positions. The position of the aligning light spot, which is 
the same as the spot of aiming light beam in this 
embodiment, at this time is expressed in terms of x/y 
coordinates to be (x,y)=(x 0 ,y 0 ) . 75 

The operator who has confirmed the system in 
memory mode uses the alignment keys 36 to move the 
aligning light spot from the initial position (x 0 ,yo) to the 
outer bound of the treatment area (shown by hatching in 
Fig. 5). The spot moving signal from the alignment keys 20 
36 is sent by way of the controller 20 to the scanner con- 
troller 23, which operates on the drive motors 17a and 
17b to swing the driven mirrors 12a and 12b, thereby 
moving the aligning light spot. If the aligning light spot 
reaches the limit of movement, it is indicated to the 25 
operator by means of a buzzer (not shown) or by a mes- 
sage on the display window 41 . 

Upon knowing the arrival of the aligning light spot at 
the outer bound of the treatment area, the operator 
pushes the READY/STANDBY key 30 to begin the defi- 30 
nition of a scanning area. The position of the aligning 
light spot is recognized in terms of voltage signals pro- 
duced by turn-angle sensors 18a and 18b attached to 
the drive motors 1 7a and 1 7b (or driven mirrors 1 2a and 
12b). 35 

The scanner controller 23 memorizes in the mem- 
ory 25 the position (x^y^ of aligning light spot (indi- . 
cated by S in Fig. 6) of the time of pushing of the 
READY/STANDBY key 30. i.e., at the starting of the def- 
inition of scanning area. The system can be designed to 40 
display the starting position and current position of the 
aligning light spot on the display window 41 so that the 
operator can recognize briefly the starting position in 
relation with the current position. 

Subsequently, the operators uses the alignment 45 
keys 36 to move the aligning light spot along the outer 
bound of the treatment area. The scanner controller 23 
stores the voltage signals, which vary with the move- 
ment of the aligning light spot, in the memory 25 at 
every count of a certain number of times of operation of so 
the alignment keys 36, or alternatively at a certain time 
interval. 

The operator moves the aligning light spot from the 
starting position (x^y^ to go around the treatment area 
toward the starting position. The scanner controller 23 55 
compares the voltage signals to be stored in the mem- 
ory 25 with the voltage signals of the starting position 
(xt ,y } ), and when the voltage signals of the x and y axes 



both enter the allowable range of the starting position 
(indicated by E in Fig. 6), it activates the buzzer. 

Upon hearing the buzzer signal, the operator 
pushes the READY/STANDBY key 30 to establish the 
scanning area. The scanner controller 23 responds to 
the signal of key 30 to figure the scanning area by car- 
rying out the computation of interpolation (any of the 
known interpolation schemes) based on the data of 
position signals stored along the outer bound of treat- 
ment area from the starting position to the ending posi- 
tion. 

The scanner controller 23 responds to the pushing 
of the READY/STANDBY key 30 to trace with the align- 
ing light spot the outer bound of the scanning area 
stored in the memory 25 so that the operator visually 
recognizes the scanning area. The operator is 
prompted by a message on the display window 41 as to 
the approval or cancellation of the defined scanning 
area. The operator pushes the scan mode select key 
31a or memory mode select key 31b to approve or can- 
cel the displayed scanning area. The system switches 
to scan mode in response to the signal of scan mode 
select key 31a, or returns the aligning light spot to the 
initial position (x 0 ,yo) for defining another scanning area 
in response to the signal of memory mode select key 
31b. 

Following the switching to scan mode by the push- 
ing of the scan mode select key 31a, the operator car- 
ries out various settings, such as of irradiation 
conditions, and the fine adjustment of irradiation posi- 
tion by using the alignment keys 36. Subsequently, the 
operator pushes the READY/STANDBY key 30 so that 
the system turns to the ready state. Next, the operator 
depresses the foot switch 8 to generate a trigger signal. 

The controller 20 which has received the trigger sig- 
nal operates on the laser source 21 to emit a treating 
laser beam in accordance with the settings on the con- 
trol panel 7. The treating laser beam from the laser 
source 21 is reflected by a mirror 60 and dichroic mirror 
61, aligned coaxially to the aiming light beam from the 
aiming light source 22, and introduced to the multi-joint 
arm section 2. The coaxial treating laser beam and aim- 
ing light beam are reflected by the mirrors located at the 
joints of the arm section 2 and led to the hand piece unit 
3. 

The trigger signal from the foot switch 8 is sent 
through the controller 20 to the scanner controller 23, 
which operates on the drive motors 17a and 17b in 
accordance with the setup signals of the form and size 
of irradiation area, etc. thereby to deflect the treating 
laser beam to scan the treatment area. During the irra- 
diation of the treating laser beam, the controller 20 acti- 
vates the air purging pump 24 to feed, air into the hand- 
piece head section 1 1 , thereby expelling fumes created 
by laser irradiation through the fume outlets 1 5. 

In case the single pattern for one scanning opera- 
tion is selected, the controller 20 and scanner controller 
23 detects the end of scanning by receiving the feed- 
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back signal from the hand piece unit 3. Based on the 
scanning end signal, the controller 20 operates on a 
shutter (not shown) to interrupt the laser beam from the 
laser source 21, while the scanner controller 23 oper- 
ates on the drive motors 1 7a and 1 7b so that the aiming 5 
light beam traces the outer bound of scanning area. 

With the single pattern being selected, even if the 
trigger signal from the foot switch 8 retains active as 
shown by (a) in Fig. 7, the laser irradiation and scanning 
operation terminate on completion of one scanning 10 
operation as shown by (b) in Fig. 7. 

Next, the repetitive scanning operation which takes 
place by the selection of the repeat pattern will be 
explained. 

When the operator keeps the foot switch 8 15 
depressed, it produces the trigger signal continuously 
as shown by (a) in Fig. 7. The trigger signal is received 
by the controller 20 and scanner controller 23, which 
then implement the laser irradiation of one scanning in 
the same manner as the case of the single pattern. On 20 
completion of one-scanning laser irradiation, the scan- 
ner controller 23 detects the end of scanning and sends 
the end signal to the controller 20. 

The controller 20 interrupts the laser beam from the 
laser source 21 , and operates on its repeat circuit (not 25 
shown) to turns on the OFF signal as shown by (c) in 
Fig. 7 thereby to invalidate the trigger signal. On expira- 
tion of the off-time which has been set with the off-time 
setting key 35, the repeat circuit in the controller 20 
turns off the OFF signal thereby to validate the trigger 30 
signal. 

In response to the turn-off of the OFF signal, the 
controller 20 and scanner controller 23 receive the trig- 
ger signal from the foot switch 8 again, and restart the 
laser irradiation and scanning operation. These opera- 35 
ttons of laser beam scanning irradiation are repeated as 
long as the scanner controller 23 receives the trigger 
signal from the foot switch 8 as shown by (a) and (d) in 
Fig. 7. When the trigger signal ceases, the laser beam 
scanning irradiation halts (the laser irradiation halts 40 
immediately even before the end of scanning opera- 
tion). The foregoing operations are shown by the flow- 
chart of Fig. 8, 

As described above, the operator can operate the 
apparatus with the repeat pattern, i.e., in repeat mode, 45 
to carry out easily the laser beam scanning irradiation 
an intended number of times, while depressing the foot 
switch 8 continuously. The operator is allowed to 
observe the progress of treatment for every scanning 
operation based on the setting of an intended off-time. so 

Although in this embodiment the alignment keys 36 
on the control panel 7 are used to move the aligning 
light spot in defining a scanning area of an intended 
shape, the use of other input device such as the joy- 
stick, mouse or trackball in place of the key set 36 will 55 
improve the operability for the movement of aligning 
light spot. 

Although in this embodiment positional data is 



stored at every count of a certain number of times of key 
operation (or at a certain time interval) in defining a 
scanning area, an alternative system design is the pro- 
vision of a data input key so that the operator pushes 
the key to store data of every particular position; - 

Although in this embodiment a scanning area is 
defined based on the presetting of the starting position, 
an alternative system operation is to allow the continu- 
ous storing of positional data following the switching to 
memory mode and detect the complete cycle along the 
outer bound of scanning area in terms of x/y coordi- 
nates. 

Next, the laser treatment apparatus based on the 
second embodiment of this invention will be explained. 
The external view, overall arrangement and control sys- 
tem of this laser treatment apparatus are basically iden- 
tical to those of the preceding first embodiment, with the 
common reference symbols being used, and explana- 
tion thereof will be omitted. 

Fig. 9 shows the structure of the scanning hand 
piece unit 3 based on this embodiment, which includes 
portions identical to those of the first embodiment, with 
their explanation being omitted. 

The hand piece unit 3 has its scanner section 10 
incorporating driven mirrors 12a and 12b, their associ- 
ated drive motors 17a and 17b, a focusing lens 13, a 
beam splitter 1 9a. a filter 1 9b, and a light sensor 1 6. The 
filter 19b has the optical characteristics for blocking the 
infrared light and transmitting the visible light (the aim- 
ing light beam reflected on the patient's skin) so that the 
infrared light beam is prevented from entering the light 
sensor 16. 

The control panel 7 and the key layout and func- 
tions are basically identical to the preceding first 
embodiment, except that the alignment keys 36 are 
used for setting a threshold value, which will be 
explained later, in memory mode. 

The following explains with reference to Fig. 10 and 
Fig. 1 1 the operation of the apparatus having the above- 
mentioned hand piece unit 3 in implementing the laser 
irradiation to a scanning form which has been estab- 
lished arbitrarily by the operator. Fig. 10 explains the 
detection of a marked area, and Fig. 11 shows the vari- 
ation of the light level detected by the light sensor 16 
during the scanning of laser spot on a certain scanning 
line. 

The treatment area 51 has its outer bound marked 
in advance in a color that is highly reflective, e.g., fluo- 
rescent color, for the wavelength of the light of aiming 
light source 22. This embodiment bases the setting of a 
scanning area having a marked profile 52 on the scan- 
ning illumination of the patient's skin with the aligning 
light spot, i.e., spot of aiming light beam, and the detec- 
tion of the reflection light level with the light sensor 1 6, 
and therefore a marking color that is distinct from the 
skin color of the patient is used preferably. 

Subsequently, the operator pushes the memory 
mode select key 31b on the control panel 7 to turn the 
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system into memory mode for storing the scanning form 
of laser irradiation. Storage file names are displayed on 
the display window 41, and the operator selects a file 
name by using the irradiation form select keys 38. 

In response to the switching to memory mode, the 
scanner controller 23 operates on the drive motors 1 7a 
and 17b to return the driven mirrors 12a and 12b to their 
home positions of memory mode. In the following expla- 
nation, the irradiation position of the treating laser beam 
and aligning light spot is expressed by x/y coordinates, 
and the driven mirrors 12a and 12b have their home 
positions expressed in terms of the beam position to be 
(x,y)=(x 0 ,y 0 ). 

With memory mode being selected, the operator 
selects the high level or low level relative to the thresh- 
old light level for the detection of marked profile by using 
UP or DOWN key of the alignment keys 36. Specifically, 
in this embodiment, the operator selects the high light 
level to suit the high-reflective marking. 

The operator sets the threshold light level for mark 
detection by using RIGHT key and LEFT key of the 
alignment keys 36. The setup value is displayed on the 
display window 41. For this setting procedure, the 
reflection light level at the initial position (x 0 ,yo) of the 
aligning light spot is detected and read out on the dis- 
play window 41 thereby to facilitate the determination of 
threshold light level by the operator. 

Finally, the operator sets the irradiation density by 
using the irradiation density setting keys 37. A higher 
irradiation density enables the definition of a more pre- 
cise scanning area. 

Following these settings, the operator puts the bot- 
tom of hand-piece head section 1 1 on the patient's body 
so that the portion to be treated is located virtually at the 
center. The operator pushes the READY/STANDBY key 
30 to start the reading of the scanning area. Namely, the 
key 30 functions in memory mode to start the reading of 
the scanning area. 

The scanner controller 23 receives the signal from 
the key 30 by way of the controller 20 and operates on 
the drive motors 1 7a and 1 7b to control the turn angle of 
the driven mirrors 12a and 12b so that the aligning light 
spot moves as shown by the arrow 50 in Fig. 10. The 
rectangle of 2-dot & dash lines in Fig. 10 indicates the 
movable range of the aligning light spot achieved by the 
movement of the driven mirrors. 

The aligning light spot scans the x/y plane ranging 
from x 0 to x UM and from y 0 to y L | M in a step at the scan- 
ning line density set with the keys 37. Specifically, the 
aligning light spot moves from the origin (x 0 ,y 0 ) to the x- 
axis limit point (x UMl y 0 ), then turns to the y-axis direc- 
tion and moves to point (x L | M ,yi). and moves along the 
x axis in the opposite direction to point (xQ.y^. In this 
manner, the aligning light spot scans the whole range 
up to the point (x UM ,y UM ). 

During the scanning operation, the aiming light 
beam from the aiming light source 22 goes through the 
multi-joint arm section 2 and enters the hand piece unit 



3, in which the laser beam is reflected by the driven mir- 
rors 12a and 12b and projected to illuminate the 
patient's skin. The reflected aiming light beam from the 
patient's skin comes back into the hand piece unit 3, in 

5 which it is reflected by.the,.driven.mirrors 12a and 12b 
and beam spHtter 19a and is incident to the light sensor 
16 through the filter 19b. 

Fig. 11 shows the variation of the received light 
level when the aligning light spot scans from point (x 0 , 

10 y n ) to point (x L | M ,y n ). Since the marked profile 52 has 
higher reflectivity than other normal and diseased parts 
of the skin, the received light level takes peak values 
Q MA when the scanning light spot crosses the outer 
bound in contrast to the normal part and diseased part 

15 having low reflection light levels Q S k and Qaf respec- 
tively. Accordingly, it is possible to detect the x-coordi- 
nate of the marked profile 52 on the scanning line of y n 
based on a threshold value Q D) . 

This process is implemented for the whole y-axis 

20 range from y 0 to y UM to detect the coordinates of the 
entire marked profile 52, and the interior of this outer 
bound is determined to be the scanning area. X/y coor- 
dinates of the aligning light spot are recognized in terms 
of voltage signals produced by the turn-angle sensors 

25 1 8a and 1 8b of the drive motors 1 7a and 1 7b (or driven 
mirrors 12a and 12b), and stored in the memory 25. It is 
desirable to introduce the interpolation process and 
noise data eliminating process in collecting the coordi- 
nate data of the marked profile for the determination of 

30 scanning area. 

After the scanning area is determined, the scanner 
controller 23 operates on the drive motors 1 7a and 1 7b 
based on the scanning area forming information read 
out of the memory 25 so that the aligning light spot 

35 traces the outer bound of scanning area, thereby allow- 
ing the operator to confirm the scanning area of laser 
irradiation. 

The operator is prompted by a message on the dis- 
play window 41 as to the approval or cancellation of the 

40 stored scanning area. The operator pushes the scan 
mode select key 31a or memory mode select key 31b to 
approve or cancel the scanning area. In the case of can- 
cellation, the operator modifies the marking of scanning 
area and runs the system to implement the reading of 

45 scanning area in the same procedure as explained 
above. 

The system switches to scan mode in response to 
the approving signal of scan mode select key 31a, 
allowing the operator to carry out various settings, such 

so as of irradiation conditions, and the fine adjustment of 
irradiation position with the alignment keys 36. Subse- 
quently, the operator pushes the READY/STANDBY key 
30 so that the system turns to the ready state. Next, the 
operator depresses the foot switch 8 to generate a trig- 

55 ger signal. 

The controller 20 which has received the trigger sig- 
nal operates on the laser source 21 to emit a treating 
laser beam in accordance with the settings on the con- 
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trol panel 7. The trigger signal from the foot switch 8 is 
sent through the controller 20 to the scanner controller 
23, which operates on the drive motors 1 7a and 1 7b in 
accordance with information on the stored scanning 
area so that the treating laser beam is irradiated to scan 5 
the treatment area. 

Irradiation of laser beam to the established scan- 
ning area may be controlled such that the laser beam is 
turned on and off depending on information on the 
stored scanning area and in correspondence to the 10 
scanning operation which is carried out uninterruptedly 
by the drive motors 1 7a and 1 7b. 

Although in the foregoing embodiment the treat- 
ment area is marked with a highly reflective profile, 
marking in a low-reflective color, e.g., black, which pro- 15 
vides a light level below the threshold and is clearly dis- 
tinct from the patient's skin color can be used for the 
detection of the scanning area. Accordingly, it is possi- 
ble to choose a proper marking adapted to the patient's 
skin color, i.e., bright marking for patients having a dark 20 
skin and dark marking for patients having a whitish skin, 
thereby defining and detecting the scanning area more 
clearly. Marking may be made in the entire treatment 
area, instead of only the profile of area, for the definition 
and detection of the treatment area. If the difference in 25 
color between the normal part and diseased part is dis- 
tinct, the scanning area can be defined by itself and can 
be detected without the need of marking. 

Although in this embodiment both driven mirrors 
1 2a and 1 2b are operated to read the marked profile of 30 
area with the aligning light spot, an alternative scheme 
is the use of a linear CCD or two-dimensional CCD in 
place of the light sensor 16 and the provision of an illu- 
mination optical system which illuminates the entire 
laser irradiation range virtually uniformly. In case the lin- 35 
ear CCD is used, one of the driven mirrors 12a and 12b 
is operated, and the scanning area is determined from 
the position detection signal of the CCD and the drive 
signal of the mirror. In case the two-dimensional CCD is 
used, the driven mirrors 12a and 12b are left inactive in 40 
memory mode, and the scanning area is determined 
solely from the position detection signal of the CCD. If a 
CCD camera operative under the usual room illumina- 
tion is used for the two-dimensional CCD, the provision 
of illumination optical system will not be required. 45 

Although in this embodiment x/y coordinates of 
marked profile are detected in terms of turn angles of 
the driven mirrors 12a and 12b, an alternative scheme is 
based on the storing of the time length since the start of 
mark sensing until each recognition of marked profile. so 

Next, the laser treatment apparatus based on the 
third embodiment of this invention will be explained. The 
external view, overall arrangement and control system 
of this laser treatment apparatus are basically identical 
to those of the preceding first embodiment, with the 55 
common reference symbols being used, and explana- 
tion thereof will be omitted. 

Fig. 12 shows the structure of the scanning hand 



piece unit 3 based on this embodiment, which includes 
portions identical to those of the first embodiment, with 
their explanation being omitted. 

The scanner section 10 incorporates driven mirrors 
12a and 12b which deflect the treating- laser beam and 
aiming light beam, which have come through the multi- 
joint arm section 2, to scan the treatment area in the x/y 
directions, and their associated drive motors 1 7a and 
1 7b. The laser beam and aiming light beam reflected by 
the driven mirrors 12a and 12b are further reflected by 
another driven mirror 60 and irradiated through a focus- 
ing lens 13 onto the treatment area. 

Tine scanner section 10 further includes a drive 
motor 61 for the driven mirror 60, and a two-dimensional 
CCD 62 having the sensitivity of visible light. The driven 
mirror 60 is pivoted to swing on the axis AX MI , and it is 
turned to the position as shown by solid-line figure P EM 
during the laser irradiation thereby to guide the treating 
laser beam to the treatment area and, at the same time, 
prevent a reflected laser beam coming from the treat- 
ment area from entering the CCD camera 62. When 
laser irradiation is not taking place, the driven mirror 60 
is kept at the position as shown by dashed-line figure 
P ES , so that the CCD camera 62 can image the treat- 
ment area. 

The control panel 7 and the key layout and func- 
tions are basically identical to the preceding first 
embodiment, except that the display window 41 is a 
LCD touch-panel display screen which displays figures 
(icons) of keys so that the operator instructs the selec- 
tion of items by touching respective icons of keys. 

The display screen 41 displays the image of dis- 
eased part taken by the CCD camera 62. The display 
screen 41 is designed to compose electronically the 
scanning form selected with the irradiation form select 
keys 38 or scanning form defined in memory mode over 
the image of diseased part, so that the operator can 
check the scanning area with respect to the diseased 
part even without using the aiming light beam (with the 
driven mirror 60 being retracted to the P ES position). 
The electronic composition of scanning form varies 
automatically in response to the operation of various 
setting keys, allowing the operator to confirm the result- 
ing scanning area on the display screen 41 . 

The display screen 41 further includes icons of 
INPUT key 41a and READ key 41b used in memory 
mode. With the INPUT key 41a being turned on, the 
operator uses a touch pen or similar device (not shown) 
to trace the outer bound of the displayed diseased part, 
and then the scanning area is defined and stored in the 
memory 25. With the READ key 41b being turned on, 
the scanner controller 23 detects the outer bound of dis- 
eased part based on the image taken by the CCD cam- 
era 62 and stores the resulting scanning area in the 
memory 25 automatically. 

The display window 42 is used to display the 
selected mode and pattern, operational instructions, 
error messages, etc. of the apparatus. 
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The following explains the operation of the laser 
treatment apparatus arranged as explained above in 
implementing the laser irradiation to a scanning form 
which been established automatically in memory mode. 

When the apparatus is turned on, the controller 20 
implements the diagnostic test for each section. On 
completion of the tests, the system automatically enters 
the standby state, causing the control panel 7 to light up 
the STANDBY sign below the key 30 and display a mes- 
sage of "standby state" in the display window 42. 

Subsequently, the controller 20 operates on the 
scanner controller 23 to activate the drive motor 61 so 
that the driven mirror 60 is turned to the retracted posi- 
tion shown by P ES . At this time, the treating laser beam 
and aiming light beam are interrupted by a shutter (not 
shown) which is operated by the controller 20. 

The operator brings the entire bottom plane of the 
hand-piece head section 1 1 in contact with the patient's 
body so that the portion to be treated is located virtually 
at the center. The display screen 41 displays the image 
of diseased part taken by the CCD camera 62, allowing 
the operator to make easy positioning of the hand piece 
unit 3, while observing the image of diseased part, with 
the unit 3 being kept placed in the area of diseased part. 

For starting the definition of scanning area, the 
operator pushes the memory mode select key 31b on 
the control panel 7, and the system switches to memory 
mode. Receiving the signal from the key 31b, the con- 
troller 20 lights up the MEMORY sign on the control 
panel 7 and displays file information such as the storage 
file names on the display screen 41 so that the operator 
can select a storage file by using the irradiation form 
select keys 38. 

The operator confirms the system in memory 
mode, and points the INPUT key 41a in the case of 
drawing a scanning area manually with the touch-pen, 
or points the READ key 41b in the case of defining a 
scanning area automatically based on the image data 
taken by the CCD camera 62. The following explains, in 
connection with an example of display shown in Fig. 13, 
the operation of the latter case for defining a scanning 
area automatically. 

When the operator points the READ key 41b, icons 
of START key 80, CANCEL key 81 and SET key 82 
appear in the display screen 41. When the operator 
points the START key 80, the scanner controller 23 
detects the diseased part of patient's body based on the 
intensity of pixels of the image taken by the CCD cam- 
era 62 and defines a scanning area of laser irradiation. 

Among a variety of image processing techniques 
useful for the detection of diseased part, one example is 
to recognize the outer bound of diseased part by detect- 
ing the edge of image based on the spatial differentia- 
tion, binary conversion, and profile extraction by 
utilization of the fact that a diseased part is generally 
darker than the normal part of the skin. In this case, the 
threshold value of binary conversion process can be 
altered with the SET key 82. In case there is little differ- 



ence in brightness between the diseased part and nor- 
mal part, the diseased part (or outer bound of it) may be 
marked to provide a distinct reflectivity. 

Following the definition of the scanning area of 
5 laser irradiation, the display screen 41- displays the pro- 
file image 71 of scanning area over the diseased part 
image 70 taken by the CCD camera 62. At the same 
time, icons of approval (OK) key 83 and cancellation 
(NG) key 84 appear in the display screen. 
10 The operator examines the displayed scanning 
area, and points the approval key 83 or cancellation key 
84. The scanner controller 23 responds to the pointing 
of approval key 83 to store the information of scanning 
area in the memory 25. The display screen 41 has its 
15 key icons erased, while having the profile image 71 kept 
displayed over the diseased part cage 70. Otherwise, if 
the cancellation key 84 is pointed, the icons of START 
key 80. CANCEL key 81 and SET key 82 reappear, 
allowing the operator to instruct the operation to be car- 
20 ried out. When the CANCEL key 81 is pointed, the initial 
screen of memory mode is restored. 

On completion of the definition of scanning area, 
the operator pushes the scan mode select key 31a so 
that the system switches to the scan mode. Subse- 
ts quently, the operator carries out various settings, such 
as of irradiation conditions, and the fine adjustment of 
irradiation position by using the alignment keys 36. 
Since the diseased part image 70 and profile image 71 
can be observed on the display screen 41, while the 
30 hand piece unit 3 is kept placed in the area of diseased 
part, the operator can adjust the irradiation position eas- 
ily. 

Following the setting of irradiation conditions and 
determination of irradiation area, the operator pushes 
35 the READY/STANDBY key 30 so that the system turns 
to the ready state. Next, the operator depresses the foot 
switch 8 to generate a trigger signal. 

The controller 20 which has received the trigger sig- 
nal operates on the laser source 21 to emit a treating 
40 laser beam in accordance with the settings on the con- 
trol panel 7. The trigger signal from the foot switch 8 is 
sent through the controller 20 to the scanner controller 
23, which operates on the drive motor 61 to turn the 
driven mirror 60 to the irradiation position P EM and oper- 
45 ates on the drive motors 1 7a and 1 7b in accordance 
with the setting conditions to swing the driven mirrors 
12a and 12b so that the treating laser beam is irradiated 
to scan the treatment area. 

On completion of one scanning operation, the scan- 
so ner controller 23 operates on the drive motor 61 to 
retract the driven mirror 60 to the position P ES . The dis- 
eased part immediately after the laser irradiation is 
imaged by the CCD camera 62 and displayed on the 
display screen 41. The operator can immediately and 
55 easily observe on the display screen 41 the result of 
laser irradiation imaged at the same view point (from 
above the diseased part in this embodiment) as of the 
image before the irradiation has taken place without the 
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need of moving the hand piece unit 3 out of the area of 
diseased part. Accordingly, the operator can readily pro- 
ceed to the recurring laser irradiation when necessary 
without expending the time and labor for the reposition- 
ing of laser irradiation area to the diseased part. 

Although in this embodiment the driven mirror 60 is 
turned to interrupt the light path of the CCD camera 62 
at laser irradiation so that it serves as a shutter against 
the laser beam, an alternative scheme is the use of a 
beam splitter which reflects and transmits the treating 
laser beam and visible aiming light beam, respectively, 
and a filter which blocks the treating laser beam so that 
the CCD camera 62 images simultaneously the dis- 
eased part and the aiming light projected onto the dis- 
eased part. 

Although the image of diseased part displayed on 
the display screen 41 can readily be enlarged or 
reduced based on the image processing technique, an 
alternative scheme is to enlarge or reduce the image of 
diseased part in optical manner by the provision of a 
Zooming optical system on the light path of the CCD 
camera 62. 

Although the third embodiment uses a LCD touch- 
panel display screen, an alternative design is the use of 
a simple LCD display screen, with additional keys being 
attached on the control panel 7 or the existing keys 
being assigned to additional functions for the substitu- 
tion for the icons of keys provided on the LCD touch- 
panel display screen. Alternatively, the whole control 
panel 7 may be formed of a LCD touch-panel display 
screen, in which case all icons of keys may be displayed 
at once or some icons of keys may be displayed selec- 
tively depending on the preceding key action taken by 
the operator. 

Besides the above-mentioned variants of the 
present invention, other modifications may be made 
within the technical spirit of the invention. 

According to the present invention as described 
above, it becomes possible to optimize easily the scan- 
ning area of the treating laser beam to meet the shape 
of treatment area, thereby performing the proper laser 
treatment. The automatic determination of the scanning 
area to meet the shape of treatment area by the inven- 
tive apparatus reduces the operator's work significantly. 
The efficient laser beam scanning operation relieves the 
operator of many foot switch depressing actions. 

Claims 

1 . A laser treatment apparatus which irradiates a laser 
beam produced by a treatment laser source to an 
area of treatment, said apparatus comprising: 

laser beam scanning means which deflects the 
laser beam to scan the treatment area; 
scanning area determining means which deter- 
mines a scanning area to be scanned with the 
laser beam by the operation of said laser beam 



scanning means; 

memory means which stores information on 
the scanning area determined by said scanning 
area determining means; and 
5 control means which controls said laser beam 

scanning means based on the information of 
scanning area read out of said memory means. 

2. A laser treatment apparatus according to claim 1 , 
w wherein said scanning area determining means for 

the determination of an arbitrarily specified scan- 
ning area includes: 

light spot projecting means which projects a 
15 spot of visible light beam, which is coaxial with 

the laser beam, onto the treatment area; 
light spot moving means which operates on 
said light spot projecting means to move the 
light spot; and 

20 reading signal generation means which gener- 

ates an area reading signal for storing informa- 
tion on the light spot moving position into said 
memory means based on the operation of said 
light spot moving means. 

25 

3. A laser treatment apparatus according to claim 2 
further including guide means which guides the 
laser beam to the treatment area by using an aim- 
ing light beam, said light spot being derived from 

30 the aiming light beam. 

4. A laser treatment apparatus according to one of 
claims 1 to 3, further including means of storing a 
scanning area having a predetermined shape other 

35 than the scanning area determined by said scan- 
ning area determining means, and/or wherein said 
memory means can store information on a plurality 
of scanning areas predetermined by said scanning 
area determining means, and 

40 wherein said apparatus further includes 

selecting means which selects one of the scanning 
areas stored in said memory means, and/or 
wherein said apparatus further includes: 

45 light spot projecting means which projects a 

spot of visible light beam, which is coaxial with 
the laser beam, onto the treatment area based 
on information on a scanning area selected by 
said area selection means; and 

so activation signal issuing means which issues a 

signal for activating said laser beam scanning 
means to move the scanning area. 

5. A laser treatment apparatus according to one of 
55 claims 1 to 4, further including guide means which 

guides the laser beam to the treatment area by 
using an aiming light beam, said light spot being 
derived from the aiming light beam. 
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6. A laser treatment apparatus according to one of 
claims 1 to 5, further including trigger signal input 
means which receives a trigger signal for starting 
the emission of laser beam of said laser source and 
the operation of said laser beam scanning means; 5 

mode selection means which, when said 
trigger signal input means is receiving the trigger 
signal continuously, selects the repeat mode in 
which laser beam irradiation by said laser source 
and laser beam scanning by said laser beam scan- w 
ning means take place repeatedly; and 

control means which, when said mode 
selection means selects the repeat mode, gener- 
ates pseudo trigger signals to control the repetitive 
operations of said laser source and laser beam 15 
scanning means. 

7. A laser treatment apparatus according to one of 
claims 1 to 6, wherein said scanning area determin- 
ing means includes: 20 

illumination means which illuminates the scan- 
ning area to be scanned with the laser beam by 
the ' operation of said laser beam scanning 
means; 25 
reflection light level detecting means which 
detects the light level of reflected light from the 
area illuminated by said illumination means; 
and 

scanning area determining means which deter- 30 
mines the laser beam scanning area based on 
the variation in reflection light level detected by 
said reflection light level detecting means, 
wherein preferably, said scanning area deter- 
mining means determines a scanning area 35 
based on an increased or decreased reflection 
light level resulting from marking of a treatment 
area which is illuminated by said illumination 
means, and/or wherein 

said illumination means comprises means of 40 
illuminating the area based on the scanning 
with a light spot by using the optical system for 
laser beam scanning of said laser beam scan- 
ning means, said scanning area determining 
means determining a scanning area in relation 45 
with scanning positions of the light spot, prefer- 
ably further including guide means which 
guides the laser beam to the treatment area by 
using an aiming light beam, said light spot 
being derived from the aiming light beam. so 

8. A laser treatment apparatus according to claim 7, 
wherein 

said illumination means comprises means of illumi- 
nating the whole area scanned by the operation of 55 
said laser beam scanning means, and said reflec- 
tion light level detecting means comprises means of 
detecting in two-dimensional manner the reflected 
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light from the area illuminated by said illumination 
means and/or wherein 

said scanning area determining means determines 
a treatment area provided with marking which 
increases or decreases -the reflection- light level 
detected by said reflection light level detecting 
means, and includes discrimination means which 
discriminates an area with the marking from 
another area without the marking based on as to 
whether or not the reflection light level detected by 
said reflection light level detecting means exceeds 
a predetermined threshold level, preferably further 
including threshold level setting means which sets a 
threshold level for the discrimination of a marked 
area. 

9. A laser treatment apparatus according to one of 
claims 1 to 8, wherein 

said scanning area determining means includes: 

imaging means which images photo-electri- 
cally the scanning area to be scanned with the 
laser beam by the operation of said laser beam 
scanning means; 

treatment area detecting means which detects 
a treatment area based on the image produced 
by said imaging means; and 
scanning area determining means which deter- 
mines the laser beam scanning area based on 
the result of detection by said treatment area 
detecting means, preferably further including: 
display means which displays the image pro- 
duced by said imaging means; and 
display control means which creates a figure of 
scanning area based on information on the 
scanning area determined by said scanning 
area determining means, and superimposes 
the figure of scanning area on the image dis- 
played on said display means. 

1 0. A laser treatment apparatus which irradiates a laser 
beam produced by a treatment laser source to an 
area of treatment, said apparatus comprising: 

laser beam scanning means which deflects the 
laser beam to scan the treatment area; 
trigger signal input means which receives a 
trigger signal for starting the emission of laser 
beam of said laser source and the operation of 
said laser beam scanning means; 
mode selection means which, when said trig- 
ger signal input means is receiving the trigger 
signal continuously, selects the repeat mode in 
which laser beam irradiation by said laser 
source and laser beam scanning by said laser 
beam scanning means take place repeatedly; 
and 

control means which, when said mode selec- 
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tion means selects the repeat mode, generates 
pseudo trigger signals to control the repetitive 
operations of said laser source and laser beam 
scanning means. 

5 

A laser treatment apparatus according to one of 
claims 6 to 10, further including: 

halt time interval setting means which, when 
said mode selection means selects the repeat w 
mode, sets a time interval of halting of the 
repetitive operations; and 
scanning end detection means which detects 
the end of one laser beam scanning operation 
by said laser beam scanning means, is 
said control means generating pseudo trigger 
signals based on the halt time interval set by 
said halt time interval setting means and the 
result of detection by said scanning end detec- 
tion means to control the repetitive operations 20 
of said laser source and laser beam scanning 
means. 
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